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PinhãoThe purpose of the present work was to investigate the possible inhibitory effect of a pinhão coat extract rich in
condensed tannin on the activity ofα-amylases (human salivary and porcine pancreatic). Experiments with the
classic α-amylase inhibitor acarbose and a condensed tannin from Acacia mearnsii were done for comparative
purposes. Fourier transform-infrared spectroscopy analysis of the pinhão coat tannin revealed a higher propor-
tion of procyanidins to prodelphinidins when compared to the A. mearnsii tannin. The pinhão coat extract rich
in condensed tanninwas an effective inhibitor of both human salivary and porcine pancreaticα-amylase. Inhibi-
tion was of the mixed S-parabolic I-parabolic type. For the human salivary α-amylase the inhibition constants
were 56.88 ± 5.74 and 103.27 ± 11.85 μg/L; for the porcine pancreatic α-amylase the inhibition constants
were smaller, namely, 20.25 ± 1.97 and 46.79 ± 4.57 μg/L. The decreasing potency sequence was: acarbose N
pinhão coat extract rich in tannin N A. mearnsii tannin. Similarly to acarbose and the A. mearnsii tannin, the
pinhão coat extract was also effective in diminishing the post-prandial glycemic levels in rats after starch admin-
istration. The inhibitory properties of the pinhão coat extract indicate that it can be used to suppress postprandial
hyperglycemia in diabetic patients.
© 2013 Elsevier Ltd. All rights reserved.1. Introduction
Amylases (α-1,4-glucan-4-glucanohydrolase, EC 3.2.1.1) are en-
zymes which catalyze the hydrolysis of the (α-1,4) glycosidic linkages
in starch and various other oligosaccharides (Ayer, 2005). Both enzymes
are used as targets for drug design in attempts to treat several diseases
such as diabetes mellitus, obesity, hyperlipidemia, and caries. For these
diseases the control of carbohydrate digestion and monosaccharide
absorption could be helpful to avoid further complications. At least
potentially the control of carbohydrate digestion and monosaccharide
absorption can be brought about by means of enzyme inhibitors and
in this particular aspect α-amylase inhibitors are especially promising
(Kim & Nho, 2004).
Several molecules have been reported to possess α-amylase inhibi-
tory activity. Among these molecules are ﬂavonoids, polyphenolics,
tannins, terpenes and cinnamic acid derivatives (Barret & Ndou, 2013;
de Sales, Souza, Simeoni, Magalhães, & Dâmaris, 2012; Dong, Li, Zhu,lta@uem.br (R.M. Peralta).
ghts reserved.Lu, & Hung, 2012; Grussu, Stewart, & McDougall, 2011; McDougall
et al., 2005; Yilmaze-Musa, Grifﬁth, Michels, Schneider, & Frei, 2012;
Zajacz, Gyémánt, Vittori, & Kandra, 2007). Acarbose, a pseudo-
tetrasaccharide, has gained especial attention because it is a highly
effective inhibitor of intestinal α-glucosidases and an extremely potent
α-amylase inhibitor (Robyt, 2005). The compound is in clinical use for
treatment of noninsulin- and insulin-dependent diabetes mellitus and
it lowers postprandial glucose elevation in diabetics (Bressler &
Johnson, 1992). Acarbose is not appreciably absorbed into the blood-
stream and therefore its action is largely conﬁned to the intestine.
However, acarbose is transformed by small and large intestine carbohy-
drases into acarviosine–glucose and glucose. Fermentation of these
degradation products in the large intestine may cause moderate
diarrhea associated with ﬂatulence (de Sales et al., 2012). Frequently
such effects lead to therapy discontinuation a reason why the introduc-
tion of new α-amylase inhibitors is a matter of interest. For this reason,
the consumption of plant-extracts may be a more acceptable source of
amylase inhibitors due to their low cost and low incidence of gastroin-
testinal side effects.
Among the tannins, one of the most extensively studied concerning
its enzyme inhibitory property is that extracted from the bark of the
black wattle tree (Acacia mearnsii). It is rich in unique catechin-like
2 S.M. da Silva et al. / Food Research International 56 (2014) 1–8ﬂavan-3-ols, such as robinetinidol and ﬁsetinidol and is able to inhibit
several enzymes such as α-amylases, α-glucosidases and lipases
(Ikarashi, Takeda, Ito, Ochiai, & Sugiyam, 2011; Kusano et al., 2011). It
is generally believed that the discovery of new materials rich in tannin
with enzyme inhibitory properties can contribute to the discovery of
new drugs useful in the control and treatment of diabetes, obesity and
other physiological disorders (Siqueira et al., 2012; Yao, He, Jia, & Shi,
2006).
Araucaria angustifolia is a native conifer from South America, grow-
ing in southern and southeastern Brazil and northeastern Argentina
(Conforti & Lupano, 2008). Natural populations or plantations of
A. angustifolia in Brazil are distributed primarily in the southernmost
states of Paraná, Santa Catarina and Rio Grande do Sul. The seed of
A. angustifolia, named pinhão, is a seasonal product that is produced in
the period from April to August (Cladera-Olivera, Noreña, Pettermann,
& Marczak, 2012). The coat of the pinhão seed is usually discarded
and it needs considerable time to decompose. This waste is rich in poly-
phenols (Koehnlein et al., 2012; Lima et al., 2007). Application of the
pinhão wastes loaded with congo red for Cu(II) removal from aqueous
solutions has been proposed as an ecologically correct procedure
(Lima et al., 2007). On the other hand, to our knowledge, there have
been no attempts to evaluate the potential of thismaterial as an enzyme
inhibitor. Such a property can be expected by virtue of its high tannin
content. To ﬁll this gap, the objective of the present study was to inves-
tigate the possible effects of a pinhão coat extract rich in tannins on
α-amylases. For comparative purposes, similar experiments were also
run with acarbose and a commercial tannin preparation obtained from
A. mearnsii. Both in vitro and in vivo experiments were done. The former
comprised also a more or less extensive kinetic characterization of the
inhibitory effects.2. Materials and methods
2.1. Materials
Human salivary α-amylase (Type IXA) and porcine pancreatic
α-amylase (TypeVI-B)were obtained fromSigma-Aldrich Co.A.mearnsii
bark tannin was purchased from Labsynth, Brazil. Acarbose (empirical
formula C25H43NO18, molecular weight 645) was supplied by Sigma-
Aldrich Co.2.2. Obtainment of pinhão (A. angustifolia) coat extract rich in tannins
Pinhão seeds used in this study were purchased in a local market
(Maringá, PR, Brazil) in the winter of 2012. The seeds used in this
work had a mean weight of 8.5 ± 1.5 g, and a mean size of 6.7 ±
1.2 cm. The seeds were washed with tap water and dried at room
temperature for 24 h, selected and stored at −20 ° C in plastic bags
until use. The coats of the seeds were removed and dried at 40 °C
until constant weight. The seed coats corresponded to approximately
30% of the total weight. After drying, the seed coats were milled until
a ﬁne powder was obtained, and stored under refrigeration until use.
The seed coat powder (100 g) was mixed with 300 mL of 70% ethanol
(in water) at room temperature and mantained under agitation at
140 rpm for 3 h. The extractions were repeated three times. No
increases in yield were achieved by further extractions. The combined
mixtures were ﬁltered through Whatman ﬁlter paper number 1 and
concentrated with a rotary vacuum evaporator at 40 °C to eliminate
ethanol and ﬁnally freeze-dried. The freeze-dried powderwas dissolved
in a small volume of 70% aqueous methanol and chromatographed on a
5 × 30 cmSephadex LH20 column to eliminate contaminantmolecules.
The determination of proanthocyanidins was done by means of colori-
metric assay (Sun, Leandro, Ricardo-da-Silva, & Spranger, 1998) and
expressed as catechin equivalents.2.3. Comparison of tannin structures by Fourier transform-infrared
spectroscopy (FTIR) analysis
FTIR was used to study the functional groups and molecular struc-
ture of the pinhão extracts and to compare them to the well-known
condensed tannin from A. mearnsii. For analysis, 2 mg of each dried
sample was mixed with 200 mg KBr of spectroscopic grade and made
in the form of pellets at pressure of about 1 MPa. Sample spectra were
obtained in triplicate using an average of 128 scans over the range
between 500 cm−1 and 3500 cm−1 with a spectral resolution of
2 cm−1. Peak height and area of Fourier transform infrared spectra
were determined by Opus software version 6.5 normalized by maxi-
mum and minimum peaks.
2.4. Reaction rate measurements
The kinetic experiments with both the porcine pancreatic
α-amylase and human salivary α-amylase were carried out at 40 °C in
20 mmol/L phosphate buffer, pH 6.9, containing 6.7 mmol/L NaCl.
Both temperature and pH of the assay are close to the optimum values
reported in several studies (Gopal & Muralikrishna, 2009; van Dyk &
Caldwell, 1956). At 40 °C the activity of the porcine pancreatic
α-amylase is only 15% above the activity at 37 °C (van Dyk &
Caldwell, 1956). Potato starch (Sigma-Aldrich) was used as substrate.
The substrate (0.05–1.0 g/100 mL) and one of the three inhibitors,
acarbose (up to 8 μg/mL), A. mearnsii tannin (up to 500 μg/mL) and
pinhão coat extract (up to 80 μg/mL) were mixed and the reaction
was initiated by adding the enzyme. The speciﬁc activities of the porcine
pancreatic α-amylase and human salivary α-amylase were 500 and
2000 units/mg protein, respectively. The amount of enzyme added to
each reaction system was 1 unit for both enzymes. The reaction was
allowed to proceed for 5 min. The produced reducing sugars from
hydrolysis of starch were assayed by the 3,5 dinitrosalicylic acid (DNS)
method, using maltose as standard (Miller, 1959). The aldehyde group
of reducing sugars converts 3,5-dinitrosalicylic acid to 3-amino-5-
nitrosalicylic acid, which is the reduced form of DNS. The formation of
3-amino-5-nitrosalicylic acid results in a change in the amount of light
absorbed, at wavelength 540 nm. The absorbance measured using a
spectrophotometer is directly proportional to the amount of reducing
sugar. The pH of the reaction medium was tested for all situations. No
changes were detected during the incubation time.
2.5. Animal experiments
Male healthy Wistar rats weighing 200–250 g were used in all
experiments. The rats were housed, fed and treated in accordance
with the universally accepted guidelines for animal experimentation.
Prior to the investigations, the animals were kept for one week under
the standard environmental conditions. Throughout the experimenta-
tion period the rats were maintained in single cages and had access to
standard pellet diet and water ad libitum. Food was withdrawn 18 h
before the experiments. Blood glucose from cut tail tipswas determined
using Accu-Chek® Active Glucose Meter.
2.6. Effects of α-amylase inhibitors on glycemic levels of rats after starch
administration
Rats were divided into 5 groups (n = 4 rats per group). To group I
(positive control) commercial corn starch (1 g per kg body weight)
was administered intragastrically. Group II (negative control) received
only tap water. Group III received intragastrically commercial corn
starch plus acarbose (50 mg/kg). Group IV received intragastrically
commercial corn starch plus A. mearnsii tannin (250 mg/kg). Finally,
group V received intragastrically commercial corn starch plus pinhão
extract (250 mg/kg). The amounts of inhibitors given to the rats were
based on literature data (Ikarashi et al., 2011). Fasting blood glucose
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inhibitors (0 time). Later evaluations of blood glucose levels took place
at 15, 30, 45 and60 min. Blood samples from the tail veinwere analyzed
by means of a glucometer.
2.7. Calculations and statistical criteria
Statistical analysis of the data was done by means of the Statistica
program(Statsoft, Inc., Tulsa, OK). Fitting of the rate equations to the ex-
perimental initial rates was done by means of an iterative non-linear
least-squares procedure using the Scientist software from MicroMath
Scientiﬁc Software (Salt Lake City, UT). The decision as to the most ade-
quate model (equation) was based on the model selection criterion
(MSC) and on the stardard deviations of the optimized parameters.
The model selection criterion, which corresponds to the normalized
Akaike Information Criterion (Akaide, 1973), is deﬁned as:
MSC ¼ ln
Xn
i¼1
wi Yobsi−Yobs
 2
Xn
i¼1
wi Yobsi−Ycali
 2
2
66664
3
77775−
2p
n
ð1Þ
Yobs are the experimental reaction rates, Yobs the mean experimental
reaction rate, Ycal the theoretically calculated reaction rate, w the
weight of each experimental point, n the number of observations and
p the number of parameters of the set of equations. In the present
work the model with the largest MSC value was considered the most
appropriate, provided that the estimated parameters were positive.
When the MSC values differed by less than 5%, the one yielding the
smallest standard deviations for the estimated parameters was consid-
ered the most appropriate model.
3. Results
3.1. FTIR spectroscopy
At least 90% of the weight of the pinhão coat extract obtained after
Sephadex L20 chromatography consists of condensed tannin. FTIR spec-
troscopy was used to compare the well known A. mearnsii tannin with
the pinhão coat extract rich in condensed tannin from A. angustifolia
in the search of similarities and differences. Fig. 1 shows the FTIR spectra
of both tannins. Analysis reveals many similarities. These include, for
example, the peaks in the vicinity of 1650–1450 cm−1 (aromatic
rings), the 1382 cm−1 absorption band (O–H plane deformation inFig. 1. FTIR spectrum of A. mearnsii tannin (dotted line) and pinhão coat tannin (continuous
line).polyphenols) and the peaks at the 1283–1247 cm−1 range (aromatic
C–O bond stretching) (Ooa, Kassima, & Pizzi, 2009). Themain difference
between the A. mearnsii tannin and the pinhão coat tannin is the single
peak at 1520 cm−1 in the latter. This is likely to indicate that the pinhão
coat tannin consists predominantly of procyanidin23 whereas the
double peak at about 1520 cm−1 of the A. mearnsii tannin indicates
prodelphinidin units. This conclusion is reinforced by the pronounced
bands at 780–770 cm−1 in the pinhão coat tannin spectrum whereas
the A. mearnsii tannin spectrum shows bands close to 730 cm−1 (Foo,
1981).
3.2. Concentration dependences of the α-amylase inhibition
The inhibitor concentration dependences were measured at ﬁxed
starch concentrations and varying pinhão coat extract rich in condensed
tannin, A. mearnsii tannin and acarbose concentrations. The results of
these measurements are summarized in the six panels in Fig. 1. All
rates obtained in the presence of inhibitors were expressed as fractions
of the rates measured in the absence of inhibitors (relative rates) and
plotted against the inhibitor concentrations. In addition to the relative
rates the inverse relative rates are also presented in order to evaluate
in a preliminary way if inhibition is linear or if it is of some other type
(parabolic or hyperbolic). The panels on the left in Fig. 1 (A, C and E)
refer to the data obtained with the human salivary α-amylase. The
inhibitory effect of the pinhão coat extract was small at low concentra-
tions (Panel A), but it accelerated at higher concentrations, so that the
1/v versus concentration dependence resulted in a parabolic relation-
ship at least in the range up to 80 μg/mL. With the A. mearnsii tannin
in the range up to 500 μg/mL the enzyme activity decreased almost
linearly with the concentration (Panel C). This feature also leads to a
parabolic 1/v versus concentration plot. For acarbose (panel E) the
dependence was concave up to the range up to 8 μg/mL, resulting in a
linear dependence of 1/v from the concentration.
The porcine pancreatic α-amylase (right panels in Fig. 1) was more
sensitive to all inhibitors, so that lower concentrations were used. The
inhibition caused by the pinhão coat extract was again parabolic in the
range up to 50 μg/mL (Panel B). With the A. mearnsii tannin up to
300 μg/mL the enzyme activity decreased almost linearly with the
concentration, resulting in a parabolic 1/v versus concentration depen-
dence (Panel D). With acarbose, on the other hand, the concave up rate
versus concentration curve produced a linear 1/v versus concentration
relationship (Panel F).
3.3. Steady-state kinetics
To extend the analysis further, initial reaction rates were measured
by varying simultaneously the substrate and the inhibitor concentra-
tions. The results of these experiments are summarized in Fig. 2. In the
graphs in Fig. 2 the initial rates are presented against the substrate
concentrations. For each inhibitor the rates at varying substrate concen-
trations were measured with two different inhibitor concentrations in
addition to the condition of inhibitor absence (control curves). The
inhibitor concentrations are indicated in each graph. Typical saturation
curves were obtained with both enzymes, the human salivary
α-amylase (panels A, C, E) and the porcine pancreatic α-amylase
(panels B, D and F). Preliminary graphical analysis (double reciprocal
plots; not shown) revealed that competitive and uncompetitive inhibi-
tions can be both ruled out. For this reason, the subsequent analysis was
focused on the mixed type of inhibition (non-competitive) (Cleland,
1963; Plowman, 1972).
Mixed slope-linear intercept-linear inhibition (S-linear I-linear) is
described by Eq. (2):
v ¼ Vmax S½ 
KM 1þ
I½ 
Ki1
 
þ S½  1þ I½ 
Ki2
  ð2Þ
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Fig. 2. Pinhão coat tannin (A, B), Acaciamearnsii tannin (C, D) and acarbose (E, F) concentration dependences of the salivary andpancreaticα-amylase inhibition. Initial reaction rateswere
measured as described in theMaterials andmethods section. Each datumpoint represents themean of three independent determinations. Legends:●—●, reaction rates in the presence of
the inhibitors relative to the reaction rates in the absence of inhibitors; ■—■, inverse of the relative reaction rates.
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obtained in the double reciprocal plots (I/v versus 1/[S] at different [I]
concentrations (Cleland, 1963; Plowman, 1972). In Eq. (2) Ki1 is the
dissociation constant of the EI complex andKi2 the dissociation constant
of the ESI complex. This equation predicts linear 1/v versus [I] relation-
ships, as indeed observed for the inhibition of the pancreaticα-amylase
by the A. mearnsii tannin (Fig. 1D) and the salivary α-amylase by
acarbose (Fig. 1E). The results of the numerical calculations in which
Eq. (2)wasﬁtted to the corresponding experimental curves can be eval-
uated from the theoretical curves in Fig. 2D (pancreatic α-amylase/A.
mearnsii tannin) and Fig. 2E (salivary α-amylase/acarbose). In each
case the equation was ﬁtted to the three experimental curves (no
inhibition + 2 different inhibitor concentrations). This is a verysensitive procedure, because all three experimental curves must
conform to theoretical curves calculated with the same values of four
parameters (Vmax, KM, Ki1 and Ki2). The standard deviations of the esti-
mated parameters are usually very high if agreement between theory
and experiment is poor. This was not the case of the present analysis
as revealed by the data in Table 1 (exp. 3 for salivary α-amylase/
acarbose inhibition and exp. 5 for the pancreatic α-amylase/A. mearnsii
tannin inhibition). The standard deviations of the KM and Vmax mean
values are also relatively small.
Parabolic inhibition requires at least one [I]2 term in the denomina-
tor of the rate equation, which is generated when at least one enzyme
form binds two inhibitor molecules. When the EI2 and ESI2 complexes
are formed in addition to the EI and ESI complexes, the inhibition is
Table 1
Kinetic parameters of the inhibition of human salivaryα-amylase and porcine pancreaticα-amylase by acarbose and tannins. Theparameterswere those obtained byﬁtting Eqs. (2), (4) or
(5) to the experimental data shown in Fig. 3. A non-linear least squares procedure was used. Details are given in the Materials and methods section. The model selection criterion was
calculated according to Eq. (1). The error terms correspond to standard deviations of the optimized parameters.
Exp. series number Inhibitor Type of inhibition Type of inhibition
constant
Inhibition constant
(μg/mL)
Estimated
KM (g/100 mL)
Estimated
Vmax (μmol/min)
Model selection
criterion
Human salivary α-amylase
1 Pinhão coat tannin Mixed S-parabolic I-parabolic (Eq. (4)) Ki1
Ki2
56.88 ± 5.74
103.27 ± 11.85
0.256 ± 0.016 0.546 ± 0.016 4.62
2 A. mearnsii tannin Mixed S-linear I-parabolic (Eq. (5)) Ki1
Ki2
578.17 ± 107.49
518.23 ± 24.53
0.279 ± 0.021 0.635 ± 0.015 4.98
3 Acarbose Mixed linear (Eq. (2)) Ki1
Ki2
8.64 ± 4.76
6.60 ± 1.43
0.290 ± 0.050 0.623 ± 0.035 3.51
Porcine pancreatic α-amylase
4 Pinhão coat tannin Mixed S-parabolic I-parabolic (Eq. (4)) Ki1
Ki2
20.25 ± 1.97
46.79 ± 4.57
0.107 ± 0.009 0.490 ± 0.01 4.28
5 A. mearnsii tannin Mixed linear (Eq. (2)) Ki1
Ki2
179.62 ± 41.77
411.89 ± 53.07
0.112 ± 0.010 0.484 ± 0.011 4.14
6 Acarbose Mixed S-parabolic I-parabolic (Eq. (4)) Ki1
Ki2
2.20 ± 0.54
1.72 ± 0.09
0.113 ± 0.011 0.505 ± 0.013 3.84
5S.M. da Silva et al. / Food Research International 56 (2014) 1–8said to be of the S-parabolic I-parabolic type (Cleland, 1963; Plowman,
1972). The pertinent rate equation presents factors containing [I]2
terms multiplying both KM and [S]:
v ¼ Vmax S½ 
KM 1þ
I½ 
Ki1
þ I½ 
2
Ki1K′i1
 !
þ S½  1þ I½ 
Ki2
þ I½ 
2
Ki2K′i2
 ! ð3Þ
Ki1, K′i1, Ki2, and K′i2 are the dissociation constants of the EI, EI2, ESI and
ESI2 complexes, respectively. A limiting case is the situation in which
only the concentrations of the complexes EI2 and ESI2 are signiﬁcant.
In this case the true inhibition constants in Eq. (3), Ki1, K′i1, Ki2, and
K′i1, cannot be determined because the terms [I]/Ki1 and [I]/Ki2 are
negligible. In this case Eq. (4) applies:
v ¼ Vmax S½ 
KM 1þ
I½ 2
Ki1
 2
 !
þ S½  1þ I½ 
2
Ki2
 2
 ! ð4Þ
In this rather especial case the inhibition constants that can be deter-
mined, Ki1 and Ki2, are composite dissociation constants although they
still can be regarded as a measure of the inhibitor's capacity. The
S-parabolic I-parabolic case of Eqs. (3) and (4) must not necessarily
hold and four other possibilities must be tested. Eq. (5), for example,
describes S-linear I-parabolic inhibition in which the complexes EI and
ESI2 are the only ones that can be detected by kinetic measurements:
v ¼ Vmax S½ 
KM 1þ
I½ 
Ki1
 
þ S½  1þ I½ 
2
Ki2
 2
 ! ð5Þ
Taking all these considerations into account, 6 different equations
were ﬁtted to the four sets of experimental data for which parabolic
inhibition was found, namely those referring to the inhibition of the
salivary α-amylase by the pinhão coat extract (Fig. 1A) and the
A. mearnsii tannin (Fig. 1C) and those referring to the inhibition of the
pancreatic α-amylase by the pinhão coat extract (Fig. 1B) and acarbose
(Fig. 1F). The results of the analyses are listed in Table 1. For the salivary
α-amylase inhibition by the A. mearnsii tannin (exp. 2 in Table 1),
Eq. (5) gave thebestﬁt to the experimental data (see Fig. 2C for compar-
ison of experimental and theoretical curves), indicating thus an S-linear
I-parabolic type of inhibition in which only the EI and ESI2 complexes
are signiﬁcant. This was indicated not only by the largest model selec-
tion criterion (Table 1) but also by the standard deviations of the ﬁtted
parameters. Attempts of ﬁtting Eq. (3) or any other alternative equationcontaining different combinations of linear and parabolic factors invari-
ably produced smaller model selection criterion values and larger stan-
dard deviations for the ﬁtted parameters. In some cases these standard
deviations were considerably larger than the ﬁtted parameters itself. It
should also be remarked that the KM value for the salivary α-amylase
obtained in the calculations involving the A. mearnsii tannin inhibition
is very close to the values obtained when analyzing the pinhão coat
extract and the acarbose inhibitions (compare experiments 1, 2 and 3
in Table 1). This speaks in favor of the reliability of the calculations.
The best ﬁts for the parabolic inhibitions of both the salivary and
pancreatic enzymes by the pinhão coat extract was obtained with
Eq. (4) (S-parabolic I-parabolic), indicating thus for both enzymes the
signiﬁcant formation of the complexes EI2 and ESI2. The goodness of
the ﬁts can be appreciated in Fig. 2A and B. All attempts of ﬁtting
Eq. (3) failed to produce reliable parameters as revealed by their large
standard deviations. Other equations containing different combinations
of linear and parabolic factors invariably produced smaller model
selection criterion values and larger standard deviations for the ﬁtted
parameters.
For the pancreatic α-amylase inhibition by acarbose (exp. 6 in
Table 1), the best ﬁt was also obtained with Eq. (4) (S-parabolic
I-parabolic), meaning a signiﬁcant formation of the complexes EI2 and
ESI2. The goodness of the ﬁt can be appreciated in Fig. 2F. Here again
the attempts of ﬁtting Eq. (3) failed to produce reliable parameters.
3.4. Effects of the α-amylase inhibitors on the glycemic levels after starch
administration to rats
To test the effectiveness of the pinhão coat extract and the
A. mearnsii tannin as inhibitors of starch hydrolysis in vivo, experiments
were done inwhich the blood glucose levelsweremeasured in rats after
the administration of commercial corn starch. Intragastric administra-
tion of starch to rats should increase blood glucose. Both the pinhão
coat extract and the A. mearnsii tannin should diminish or abolish this
increase if they also inhibit starch hydrolysis in vivo. The pinhão coat
extract and the A. mearnsii tannin were administered intragastrically
as described in the Materials and methods section. Single doses of
250 mg A. mearnsii tannin and 250 mg pinhão coat extract per kg
were administered. For comparative purposes experiments were also
done with acarbose (50 mg/kg). The mean results of the blood glucose
measurements at the various times after the administration of starch
and inhibitors are shown in Fig. 4. When starch was administered
alone the blood glucose levels increased rapidly and were still elevated
at 60 min following administration. For the control rats the glycemic
levels remained essentially constant. Both acarbose and the A. mearnsii
tannin prevented to a considerable extent the elevation of the blood
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6 S.M. da Silva et al. / Food Research International 56 (2014) 1–8glucose levels. The pinhão coat extract had a similar effect, but at time
45 min an increase in blood glucose occurred, followed by a drop to
much lower values at 60 min. This increase was reproducible as it
occurred in all three experiments. A comparison of the effects of the
inhibitors on a quantitative basis is allowed by the data in Table 2. The
latter lists the areas between the glycemic curves obtained after the
administration of starch (alone or with the inhibitors) and the basal
glycemic curves. These areas can be regarded as a measure of the
capacity of each inhibitor in slowing down starch hydrolysis in theintestinal tract. As shown in Table 2 the effectiveness of both acarbose
(50 mg/kg) and the A. mearnsii tannin (250 mg/kg) was practically
the same. The pinhão coat extract was less effective, the main reason
being, evidently, the glucose burst at time 45 min (Fig. 4).
4. Discussion
Condensed tannins comprise a group of polyhydroxyﬂavan-3-ol
oligomers and polymers linked by carbon–carbon bonds between
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Fig. 4. Inﬂuence of α-amylase inhibitors on the glycemic levels of fasted rats during
60 min following starch administration. Blood samples from the tail vein were analyzed
by means of a glucometer after intragastric starch administration (1 g per kg body
weight). Each datum point represents the mean ± mean standard errors of four
experiments. Experimental details are given in the Materials and methods section.
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which are chains of catechin, epicatechin, and their gallic acid esters,
and the prodelphinidins, which consist of gallocatechin, epigallocate-
chin, and their galloylated derivatives as the monomeric units (Ooa
et al., 2009). Condensed tannins have attracted great attention due to
rapid growing evidence associating these compounds with a wide
range of potential health beneﬁts. Condensed tannins from A. mearnsii
are well-characterized both chemically and with respect to their func-
tional properties. The same cannot be said about the tannins from the
pinhão coat.
The results obtained in the present study revealed that the pinhão
coat tannin is richer in procyanidins when compared to the Acacia
tannin and that it is an effective inhibitor of both the human salivary
and the porcine pancreatic α-amylases. Consistently, the pinhão coat
tannin was also effective in diminishing blood glucose levels in rats
after starch administration. To our knowledge, there is no other report
about biological effects of components extracted from the pinhão coat
extract.
The kinetic pattern of the α-amylase inhibition by the pinhão coat
extract is complex, theparabolic nature of the inhibition (more precisely
mixed S-parabolic I-parabolic inhibition) suggesting the formation of
EI2 and ESI2 complexes. Similar complexities have also been detected
in the present work, however, for both the A. mearnsii tannin and the
well-known inhibitor acarbose. It is worthmentioning that in an earlier
study, inhibition of the pancreatic α-amylase by acarbose was also
found to be of the S-parabolic I-parabolic type (Desseaux, Koukiekolo,
Moreau, Santimone, & Marchis-Mouren, 2002). In this study the sub-
strate was amylose rather than starch and the inhibition was said to
conform with Eq. (3) rather than Eq. (4). We have a priori no explana-
tion for this difference, except for the fact that the substrates used in
both studies were not exactly the same.Table 2
Areas between the glycemic curves after starch administration (starch alone or
starch + α-amylase inhibitors) and the glycemic basal levels. The areaswere determined
using the numerical integration procedures of the Scientist software from MicroMath
Scientiﬁc Software (Salt Lake City, UT). The error terms correspond to standard errors of
the means.
Conditions Differential areas (mg/100 ml × min)
Starch alone 2642.5 ± 389.5
Starch + pinhão coat extract 1573.8 ± 118.4a
Starch + A. mearnsii tannin 773.8 ± 241.1a
Starch + acarbose 716.3 ± 111.2a
a Statistically different from the starch alone condition (p b 0.05; Student–Newman–
Keuls test).From a comparison of the inhibition constants listed in Table 1 for
the various inhibitors investigated in the present study the following
decreasing potency sequence can be written: acarbose N pinhão coat
tannin N A. mearnsii tannin. This sequence is valid for both the salivary
and pancreatic α-amylases. It should be remarked, however, that, on a
weight basis, acarbose is approximately one order of magnitude more
potent than the pinhão coat tanninwhich, in turn, is also approximately
one order ofmagnitudemore potent than theA.mearnsii tannin. In spite
of these pronounced differences, the pinhão coat tannin and the
A.mearnsii tanninwere both effective in slowing down starch hydrolysis
in vivo at doses that are far enough from theDL50 values usually reported
for tannins in general (Strube, Dragsted, & Larsen, 1992).
In recent years, tannins have been reported as non-speciﬁc inhibi-
tors of several hydrolytic enzymes such as lipases, α-glucosidases,
α-amylases and invertase (Barret & Ndou, 2013; Gonçalves, Mateus, &
Freitas, 2011; Grussu et al., 2011; Ikarashi et al., 2011; Kusano et al.,
2011; Yilmaze-Musa et al., 2012; Zajacz et al., 2007). Also, tannins
possess antioxidant activity (Rield, Carando, Alessio, McCarthy, &
Hagerman, 2002). In this respect, recent work of our laboratory has
reported antioxidant activity for the edible part of the pinhão. This activ-
ity appears to be due, at least in part, to the migration of polyphenolics
from coat to seed during cooking (Koehnlein et al., 2012). The inhibitory
effects of the tannins are generally attributed to their ability of binding
quite strongly to carbohydrates and proteins. It has been suggested
that the interaction between tannins, such as galloylated quinic acid,
and the human α-amylase depends on the free hydroxyl groups on
the tannins that are able to participate in hydrogen bonding (Kandra,
Gyemant, Zajacz, & Batta, 2004). This seems a reasonable assumption,
but it must be remarked that not all tannins are able to inhibit
α-amylase (de Sales et al., 2012). Consequently, even though the pres-
ence of free hydroxyl groups can in principle favor the interaction of
the tannins with proteins, the simple presence of those groups is not
enough to ensure any inhibitory activity. An appropriate conformation
of the inhibitormolecule combinedwith adequately positionedhydroxyl
groups is perhaps important for optimizing the inhibitor–protein
interactions.
Prolonged fasting and postprandial hyperglycemia can contribute
to elevated non enzymatic protein glycation or to toxic effects on the
vascular endothelium. Consequently, maintenance of blood glucose
homeostasis prevents the detrimental effects of hyperglycemia (Gin,
Rigalleau, Caubet, Masquelier, & Aubertin, 1999). Given the strong link
between postprandial hyperglycemia and diabetes complications,
several herbal extracts have been studied to clarify their effectiveness
in experimental animals and in in vitro bioassays. α-Amylase and
α-glucosidase inhibitors are widely used oral agents for improving
postprandial hyperglycemia due to the lack of a hypoglycemic threat
and, more important, to the prospect of blood glucose control without
hyperinsulinemia and body weight gain (Mooradian & Thurman,
1999). Inhibition of α-glucosidase and α-amylase results in delayed
carbohydrate digestion and glucose absorption with attenuation of
postprandial hyperglycemic excursions. The observations that the
pinhão coat extract rich in tannins is an effective inhibitor of salivary
and pancreatic α-amylases, comparable to A. mearnsii tannin, suggests
that it can be used to suppress postprandial hyperglycemia in diabetic
patients. This idea is reinforced by the observations that the extract
was in fact able to lower blood glucose during starch digestion. Consid-
ering that the inhibition of carbohydrate metabolism or absorption
can decrease the caloric intake, the pinhão coat tannin could also, in
principle at least, be used to promoteweight loss and to combat obesity,
perhaps even as a kind of functional food. One cannot even exclude the
possibility that the extract could be active on other enzymes in addition
to theα-amylases, asα-glucosidases, invertase and lipases, a possibility
worthy of further experimental work. The possibility of an inhibitory
action of the pinhão coat extract on theα-glucosidase is further corrob-
orated by the fact that acarbose also inhibits both the α-amylase and
α-glucosidase (Laube, 2002). In order to understand the inhibitory
8 S.M. da Silva et al. / Food Research International 56 (2014) 1–8mechanisms more clearly, we are currently attempting to chemically
characterize the pinhão coat tannin.Acknowledgments
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